Background This paper explores the value of qualitative comparative analysis (QCA) in public health research using the example of a pilot case management intervention for long-term incapacity benefit recipients. It uses QCA to examine how the 'health improvement' effects of the intervention varied by individual and service characteristics.
Background
There have been growing calls for public health researchers to develop more appropriate methods for the evaluation of complex interventions. 1 Generally, methodological development in response to such calls has drawn on the medical sciences and epidemiology with particular reference to the expanded use of randomized control trials (RCTs) and systematic reviews. 2 However, in this paper we argue that public health research could also benefit from adapting the tools used in the social sciences. Qualitative comparative analysis (QCA) is a good example of an under-utilized social science methodology, which could have public health research application. 3 Public health research has traditionally favoured experimental evaluation methods with the RCT considered as the 'gold standard'. Within these studies the use of regressionbased statistical models has been the norm. In recent years there has been an increase in the use of standard qualitative techniques (i.e. focus groups and interviews) to capture 'process' information regarding service user or patient experience. QCA approaches offer a radically different but, as we argue here, very valuable contribution to the further development of these mixed method approaches to public health evaluation.
QCA was developed by Ragin, [4] [5] [6] [7] [8] initially in relation to comparative political science. It has since been developed and applied by various researchers across the social sciences (see for example, 9 -16 reflecting how social science theory has sought to take account of increased complexity, with policyoriented work particularly concerned with how interventions work across heterogeneous contexts. 17 -20 QCA is a caseoriented method that allows systematic comparison of cases as configurations of set memberships based on their attributes and the relationship of these to particular outcomes. QCA thereby provides an alternative to conventional quantitative approaches, which are generally concerned with isolating the independent effect of one variable whilst controlling for the influence of others. 3 Instead, QCA allows for interactions between multiple attributes and recognizes that the same outcomes may be generated by different configurations of attributes: in other words, QCA addresses multiple causation. QCA transforms cases into configurations or combinations of factors (or stimuli, causal variables, determinants, etc.) that are referred to as 'conditions' that produce a given outcome of interest. 9 The key question that QCA therefore seeks to address is which conditions (or combinations of ) are 'necessary' or 'sufficient' to produce the outcome. A condition is necessary for an outcome if it is always present when the outcome occurs-the outcome cannot occur in the absence of the condition. A condition is sufficient for an outcome if the outcome always occurs when the condition is present, although the outcome could also result from other conditions (ref. 9: p. xix).
QCA is therefore of potential use in the evaluation of the effectiveness of complex public health interventions as applied to small populations, particularly in terms of identifying which aspects of a multi-faceted intervention, or the individual characteristics of participants, are most likely to impact on the effectiveness of an intervention. However, QCA remains a novel and under-utilized methodology in the field of public health evaluation with only a few previous applications. 3, 21 For example, Blackman et al. 3, 22 used it to explore factors associated with trends in narrowing health inequalities in England and in smoking cessation services. 21 In this paper we build on the public health application of QCA methodology developed by Blackman et al. 3, 22 by using it in the evaluation of a complex public health intervention: case management for the health improvement of workless people in long-term receipt of incapacity-related benefits (IB).
The importance of work to population health, and of worklessness as a cause of social exclusion and health inequalities, is increasingly being recognized by policy-makers. 23 For example, the UK government commissioned the Black Review of Working Age Health 24 and the National Institute for Health and Clinical Excellence (NICE) produced guidelines on incapacity and sickness absence. 25, 26 The NICE guidelines concluded that case management approaches were the most effective in helping workless people in receipt of IB return to work. Following the guidance, a Primary Care Trust (PCT) in the North East of England commissioned a pilot 'health first' case management service with the aim of improving the health (and therefore the employability) of longterm IB recipients. In a previous publication, we reported that the case management service was effective and cost-effective in improving the general and mental health of participants. 27 In this paper, we present a more detailed analysis of the intervention to get behind these 'headline' findings. Using QCA methods, we explore how the 'health improvement' effects of the intervention varied by (i) individual participant characteristics and (ii) service characteristics.
Methods

Study design
The PCT commissioned an external agency to provide a pilot 'health first' case management approach for longterm IB recipients (of 3 years or more). This pilot programme used telephone and face-to-face case management programmes to identify individual health needs and any other related barriers to employment (such as debt or housing). The scheme was intended to complement mainstream services with case managers signposting the patients to National Health Service (NHS), Department for Work and Pensions and other health and welfare services. They also referred patients to a physiotherapy service and a counseling service, which they provided as part of the service. Patients were referred onto the programme by other NHS services (such as the Alcohol Service), their GPs or they could self-refer. The length of engagement with the service varied according to the needs of each service user with an average duration of 6 months.
Anonymized data were collected for the 131 individuals who were recruited to the pilot intervention between September 2009 and June 2010. Data were collected prospectively using questionnaires at baseline (T1), 3 months (the intervention's midpoint, T2), 6 months (the intervention's endpoint, T3) and 9 months (3 months post-intervention, T4). Socio-demographic (gender, age and housing tenure), social capital (frequency of contact with neighbours, family and friends) and work history ( previous jobs time spent in the job, time spent on IB) data were collected. The questions were taken from large-scale surveys such as the General Household Survey (GHS) and the British Household Panel Survey. The baseline sample characteristics are set out in Table 1 .
Health was measured using a range of generic (EQ-5D, EQ-VAS, SF-8), disease-specific (HADS, Nordic Musculoskeletal questionnaire) and health behaviour (tobacco and alcohol consumption) outcomes. For this analysis we only use the EQ-VAS-the EuroQual Visual Analogue Scale, often known as a 'Health Thermometer' due to the show card which is used. Participants are asked to rate their health on the day they are interviewed on a scale of 0 -100: 0 represents the worst health state the participant can imagine and 100 represents the best health state they can imagine with 50 representing the midpoint. Health improvement was defined in relation to movement towards the UK population norm EQ-VAS score of 82.48. 28 We did so by producing relative differences with the UK population norm for each of the cases between T1 and T4. Further anonymized, individual-level data on the characteristics of the case management intervention was obtained from the service provider. These records contained details of the referral route, the treatments received, the treatment providers and the frequency of treatment.
Qualitative comparative analysis
The specific QCA technique employed is known as 'crisp set' QCA. This is based on Boolean algebra, which uses binary data based on a condition being either present or absent (variables with values of 1 or 0, such as 'yes' or 'no'). It therefore relies on the dichotomization of variables. Dichotomization forces choices that are often difficult but this is as much an advantage as a limitation. Blackman et al. 3 argue that it allows the researcher to move beyond a gradualist perspective, so that the importance of differences in kind are not masked by viewing them as differences in degree, and in doing so creates models that are easier for practitioners to engage with. Our analysis method is summarized in Table 2 . The data set contained 130 individual and 'service use' characteristics, these needed to be reduced because conducting a QCA with 6 characteristics has 64 (i.e. 2 6 ) possible combinations, whereas 1 with 9 conditions has 512 (i.e. 2 9 ) possible combinations. Following the approach adopted by Blackman et al. 22 we reduced the number of characteristics of interest to 12 by including only those that had any patterned relationship, or 'skews' with the outcome. Fuzzy set QCA (fsQCA) software was used to explore their effects in combination. Approximately 40 combinations, through adding and removing conditions, were explored before the most parsimonious solution presented in Table 3 was reached-5 characteristics. The configurations in Table 3 represent 30 of the possible 32 logical possible combinations in the property space (i.e. 2 5 ). A Boolean minimization was conducted, using fsQCA software, which produced 15 different groupings for the improving and not improving configurations. Consequently, the minimization did not produce a substantially reduced output. In line with Byrne 29 we are deliberately exploratory in our approach and differ from classical uses of QCA 10, 12, 14 in that we only go as far as the binary truth table. Our approach has been to develop set theoretic knowledge by identifying patterned similarities and differences from the configurations as they appear in Table 3 . In doing so we have structured the QCA output using the intractable conditions of age and gender and used the results as a 'tin-opener' for further qualitative interpretation and analysis. 22 ) are not discussed here as they require further in-depth QCA analysis. There are no freestanding 'necessary' or 'sufficient' characteristics in the data. However, each of the configurations that is 100% consistent (e.g. configuration 8 is 1.0 in the 'consistency' column of Table 3 ) is 'sufficient' because only one outcome (e.g. health improvement for 8) occurs with this configuration. None of the full configurations produced here are 'necessary' because health improvement or not does not only occur in relation to this configuration.
Results
Younger men (Table 3 , configurations 1, 2, 3, 16 and 17) in configurations 2 and 3 (12 participants) demonstrated health improvement after participation in the intervention. Further common features of these participants were that they did not suffer from a musculoskeletal problem as their primary health problem and that they did not speak to their neighbours on a weekly basis (i.e. they spoke to them more or less frequently). Two further participants (configuration 1) saw an improvement in health but had a musculoskeletal health problem and spoke to their neighbours on a weekly basis, and had an occupational background of skilled manual or higher. Those younger men in configurations 16 and 17 (4 participants) did not experience an improvement in health. These cases appear to have a 'necessary' combination of conditions for younger men because all had a musculoskeletal primary health problem and an occupational background of semi-skilled or unskilled manual work in their previous employment. Social contact had little impact here as the 'not improving' health outcome occurred regardless of the presence or absence of this characteristic.
Younger women (Table 3 , configurations 4, 5, 6, 7 and 18) in configurations 4, 5, 6 and 7 (17 cases) all experienced a health improvement outcome. The common characteristic that these configurations shared was that they did not speak to their neighbours on a weekly basis. Those in configuration 18 (4 participants) did not experience a health improvement outcome. They did not have a musculoskeletal primary health QUALITATIVE COMPARATIVE ANALYSIS problem, they had semi-skilled or unskilled backgrounds and they spoke to their neighbours on a weekly basis. This final feature contrasts with those from this age/gender group whose health did improve and confirms both the 'necessary' and 'sufficient' nature of this condition for a health improvement outcome.
Older men (Table 3 , configurations 8, 9, 10, 11, 12, 13 and 19) in configurations 8, 9, 10, 11, 12 and 13 (16 participants) experienced improved health. There was a variety of configurations leading to this outcome and so no clear pathway for health improvement amongst this group. For example, configurations 8, 9 and 13 (9 participants) shared the common feature that they did not speak to neighbours on a weekly basis whilst configurations 10, 11 and 12 (7 participants) experienced a health improvement but spoke to their neighbours on a weekly basis. Similarly split configurations were found for occupational background (configurations 11, 12, 13 and 15 compared with 8, 9 and 10) and primary health problems (configurations 8, 11 and 13 compared with 9, 10 and 12). Therefore, for this age and gender grouping, the pattern to health improvement was less clear than for the other groupings. For older men, the characteristics indicating a lack of health improvement were less ambiguous than for those in the 'health improving' group as those in configuration 19 (3 participants) spoke to their neighbours on a weekly basis, their occupational backgrounds were semi-skilled or unskilled, and all had primary health problems that were musculoskeletal in nature. Consequently, this configuration of cases of older men had all of the apparently receptive characteristics 'absent'. This was a 'necessary' and 'sufficient' combination for this age and gender group. Older women (Table 3, configurations 14, 15 , 20, 21, 22 and 23) in configurations 14 and 15 (2 participants) saw their health improve. These older women shared the 'necessary' combination of having a primary health problem that was not musculoskeletal in its nature and an occupational background of skilled manual work or higher. Those in configurations 20, 21, 22 and 23 (7 participants) did not have a health improvement. None of these configurations shared the 'necessary' combination of a non-musculoskeletal primary health problem and a higher skilled occupational background. This illustrates the significance of the necessary combination of conditions in the health improving group. Furthermore, this also suggests that older women were less likely to have benefitted from the intervention.
In terms of service characteristics and treatment combinations (e.g. frequency of contact, type of referral, type of service inputs such as physiotherapy or counselling), only 1 of the 10 conditions (the number of contacts with the provider of the intervention) demonstrated a relationship with the health improvement outcome. However, when it was entered into fsQCA alongside the individual characteristics it did not produce a more consistent or parsimonious 'truth table' suggesting that the individual-level characteristics detailed above had a much more significant impact upon health improvement after the intervention, rather than the nature of the treatment they received through the intervention. Consequently, it was not appropriate to include the service characteristics in the final QCA results.
Discussion
The main findings of this study
The key factors in predicting a health improvement (in the form of an improved EQ5-D VAS score) after participation in the case management intervention were age, gender, primary health problem, skill level in their last paid job and social contact (whether people spoke to their neighbours on a weekly basis). As the above analysis shows, combinations of these conditions produced noticeable skews in the data. Younger participants, men aged over 50 and those with an occupational history of skilled manual work or higher were more likely to experience a health improvement after participation in the intervention. Older women, those with a musculoskeletal condition and those with an occupational history of semi-or un-skilled work were less likely to experience a health improvement. Those participants who had contact with their neighbours on a weekly basis were less likely to experience a health improvement whereas those who had more or less frequent contact were more likely to have a health improvement. It is, however, important to stress that social contact and the positive and negative associations attached to it were only evident when in configuration with the other characteristics. It was very clear in the QCA that combinations of individual characteristics had more of an impact on the likelihood of health improvement than service characteristics. Above all it is essential to recognize, as Berg Schlosser et al. 30 have pointed out, that within QCA additivity is no longer assumed and, 'that each single cause has its own separate, independent impact on the outcome is abandoned and replaced by the assumption that 'conjunctural causation' is at work meaning that several causes can be simultaneously present (or be combined somehow)'.
What is already known on this topic?
That age and gender were the key factors identified by the QCA are not surprising in the wider context of what is already known about long-term health-related worklessness. For example, the NICE guidance on long-term sickness absence 25 noted that in order to be successful, case management needs to account for 'the person's age and gender, the condition that led to the sickness absence, their prognosis for returning to work and the type of work they are involved in'. 25 Similarly, the occupational stratification identified in terms of health improvement between skilled and less skilled work also reflects the wider literature. For example, it is well established that health-related job loss has a social gradient, with adverse employment consequences more likely for those in lower socio-economic groups. 31 This gradient also appears to be reflected in whether case management initiatives lead to health improvement. The intervention could therefore potentially increase health inequalities between the lowest skilled (un-and semi-skilled manual) and those just above them in the occupational gradient (skilled manual) and thereby contribute to so-called intervention generated inequality. 32 However, the intervention still has the potential to reduce more general health inequalities by reducing the health gap between those in work and those out of work. Furthermore, it is known that lower socio-economic groups are disproportionately at risk of unemployment and that it is a key determinant of the social gradient in health. 33 The QCA has also suggested that more or less frequent social contact with neighbours than 'once a week' increases the likelihood of a health improvement. This reinforces the importance of local communities and neighbourhoods in terms of public health outcomes, 34 but the somewhat contradictory finding also suggests that there are issues with how social contact is experienced that needs further analysis and a need to consider the importance of understanding the nature, problems and cultures of communities in the commissioning and delivery of services.
What this study adds
This study shows that case management interventions need to carefully consider the context within which health-related worklessness is rooted, the importance of individual characteristics in terms of the likelihood of benefitting from a health improvement intervention and the complex ways in which such individual characteristics interact. Consequently, the use of a QCA approach in public health evaluation compared with a more traditional approach has the clear benefit of being able to provide a much more contingent analysis of what underpins success and how different factors interact to produce outcomes. This is essential if interventions are to make a significant impact on the complex causes of health and employment inequalities. 23 Policy-makers need to consider how people's individual and contextual characteristics interact when targeting, or planning, interventions for health improvement. For example, younger men in this study with a combination of musculoskeletal health problems and lower skilled occupational backgrounds were less likely to benefit from the intervention. This suggests that different types of intervention maybe needed to improve the health of younger workless men with this combination of characteristics. The varying ways (both positive and negative) in which social relationships (frequency of talking to neighbours) interacted with the other factors to produce health improvement or not was in keeping with other studies of social capital such as that of Stafford et al. 35 who found that strong family ties were associated with worse health among women, but not men. In terms of public health interventions, it also highlights the importance of understanding the nature, problems and cultures of communities prior to the commissioning of services such as this, and ensuring that those providing the service consider such issues within their practice.
Limitations of this study
This study is of course subject to the general limitations of QCA methodology, most notably, the failure to deal with issues of probabilistic causation. However, the QCA approach is an exploratory one, designed to examine the interaction of different conditions. Also, a more standard evaluation of the intervention using logistic regression techniques has already been published. 27 More widely, the intervention study was limited to relatively small numbers of participants, voluntary participation in the intervention and the self-reported nature of the outcomes. However, the study used validated health outcomes and provided a 9-month follow-up. 27 The QCA is limited by the data collected and the variables used may not capture all of the causal complexity of the phenomenon under study.
Conclusion
The application of QCA to the analysis of this intervention has provided an alternative approach to the more conventional methods used to evaluate complex public health interventions. By comparing cases systemically, QCA allows interactions between multiple participant attributes to be revealed and explored. This allows for the identification of 'multiple conjunctural causation'. Consequently, policymakers can reflect on the efficacy of an intervention with specific groups. This study has identified a number of potential causal pathways for health improvement or non-improvement from the case management intervention with important potential implications for health inequalities. These configurations provide the basis for further qualitative investigation to explore causation at a more detailed (ideographic) level.
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